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ABSTRACT 
Whenever the determination of yield loss and economic injury levels are essential tools for initiating integrated 
pest management (IPM) programs in the maize field, the assessment of compensatory yield is very important 
for determinate the accurate losses in the field and the recovery power for the maize verity. The present study 
aimed to estimate the yield losses of three maize varieties due to Sesamia critica and Ostrinia nubilalis, 
infestation; regression between maize yield losses and percent of infestation and determine the compensatory 
yield arising in intact plants as a result of absence or dead (caused by infestation) of adjacent plants under field 
conditions in El-Behiera governorate. The present results showed that yield losses resulting from S. cretica 
infestation in early sowed maize ranged from 5.29 – 32.17%. In case of maize that sowed in recommended date 
“June”, yield losses due to S. cretica was slightly decreased, and it accompanied with O. nubilalis infestation in 
two fields, which increased the total yield losses. A simple linear regression turned out between the percentage 
of infestation of S. cretica or O. nubilalis and percentage of yield losses, with R2 values 0.84 and 0.45, respectively. 
The yellow corn was more tolerant to stem borers infestation than white corn with percentages of increase rate 
in compensatory yield 27.07 %.    
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INTRODUCTION 
Maize, Zea mays L. (Graminae: cereals) is an important grain food and industrial cereal (FAO, 1998). The 
economic importance of maize was increased since it is used for human, livestock's and poultry consumption; 
also, it was used as a source of industrial raw material for the production of oil, alcohol and starch. It sawed 
under a wide range of environmental conditions, so it contributed greatly to the growth of many developing 
countries (Andeet al., 2008 and Mbahet al., 2009). 
In Egypt, maize is an important multipurpose crop; it occupies the third rank after rice and wheat, about 2 million 
Feddans were cultivated with maize in 2013, which produced about 7 million tons of grain yield, with an average 
of 23.7 Ardabs/Feddan (Metwally, 2015). 
The lepidopteran stem borers, Sesamia cretica Led. (Noctuidae), Ostrinia nubilalis (Hb.) (Pyraustidae) and Chilo 
agamemnon (Bles.) (Crambidae) were the most important varieties of insect pests in Egypt (Metwally, 2015 and 
Massoudet al., 2016). They attack the maize plants throughout the different growth stages, and caused 
percentages of yield losses,39.25 and 53.62% for 2014 and 2015 seasons, respectively (Massoud et al., 2016). 
Sesamia cretica Led and Ostrinia nubilalis Hub are regarded among the major factors causing great damage, 
yield loss and affecting the productivity of growing maize plants (Abd El-Gawad et al., 2002). 
S. cretica infests maize at early vegetative growth stage (15 days after emergence) to (45 – 60 days). At early 
infestation, most infested young plants dead and leave gaps in the field. One of the reasons for absence of 
infested plants with S. cretica from the field is the farmer’s behavior. Most of them decide to cut the infested 
plants early at vegetative stage (age of 45-60 days) to be used as fodder for farm animals. 
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Making quantitative assessments of losses caused by pest attack crops is very important for establishment of 
the economic status of specific pests (Golebiowska & Romankov, 1968); and to give a basis for directing future 
research and agriculture planning (Walker, 1967). Yield losses caused by corn insect pests were investigated 
and estimated by several authors such as Abdel Rahim et al., 1992; Ismail et al., 1993; Mansour et al., 1994 
and Al-Eryan & El-Tabbakh, 2004. Attention should be paid for assessing yield loss due to these stem borers, 
yield loss is a prerequisite step for the determination of economic injury levels (EILs) which is not representing 
a permanent constant value, that differs according locality, product price and insecticide cost, and it used as a 
tool for initiating integrated pest management (IPM) programs in maize field (Massoud et al., 2016). 
The aim of the present study is to estimate the yield losses of the maize due to infestation with stem borers; 
Sesamia critica and Ostrinia nubilalis under field conditions in two varieties of maize (white “SC10”, and yellow 
“Pioneer 3062”) in small holder maize fields in El-Behiera governorate and determine the compensatory yield 
arising in intact plants as a result of absence or dead due to infestation of neighboring plants. 
MATERIALS AND METHODS 
Estimation of yield losses due to stem borers in maize fields sawed in three different dates: 
Twelve maize small holder fields were chosen at El-Bostan and Abo Elmatamer (30° 54ʹ 29.16ʺ N, 30° 10ʹ 27.48ʺ 
E) districts, El-Behiera governorate. Three corn varieties, white corn (“SC10”= single crosses) and yellow corn 
(“Pioneer 3062”= yellow two single crosses) were sowed in three different dates (early in May, recommended in 
June and late in July) in the season of 2016.After 15 days from sowing date, an area of 21 m² (1/20 from feddan)at 
the center of each field was chosen for easy checking plants and number of naturally absent plants was recorded. 
At 30 days from sowing, the plants infested with Sesamia cretica were labeled by rings of yellow ribbons to be 
under observation till yield estimation. This procedure was applied every two weeks until 45 days from sowing 
date. In addition, at 45 days age, infested plants with Ostrinia nubilalis were recorded using red ribbons. 
Crop yield parameters and percentages of grain yield losses of the maize fields due to plant absence and 
infestation with the two stem borers were calculated in three different sowing dates using the analytical method. 
At harvesting time, the following yield parameters were estimated: - 
ACT = mean of stand plants actual grain yield/ plot. 
The yield loss (LOSS) and percentage of economic loss (% LOSS) were calculated according to Judenko (1973) 
as follows: - 
EXP (Expected yield) = No. of sowed plants (N) per plot x Mean of actual grain yield per intact plant (Y*) 
LOSS (The yield loss) = EXP – ACT           
% LOSS (The percentage of economic loss) = LOSS / EXP x 100 
Percentage of infested plants with either S. cretica or O. nubilalis was used as variable predictor to build 
regression models for predicting the dependents variable (percentage of yield loss). Regression analysis by 
Hyams, (2014) V.2.0.4. was used for this purpose. Linear regression of maize yield losses due to infestation with 
corn borers, S. cretica and O. nubilaliswas illustrated. 
Assessment of compensatory yield: 
Two maize varieties, white and yellow maize, were chosen to estimate compensatory yield (C) resulted from 
absent plants (Cabs) or for death plants due to S. cretica infestation (Cinf).  The method of detection is to compare 
the yields of intact plants next to absent or infested plants with the yields of intact plants surrounded by other 
intact plants.  
At 30 days from sowing date, the plants infested with S. cretica were labeled by rings of colored strands. The 
five intact plants adjacent to each of: other intact plants, absent plants or dead infested plants, were chosen and 
labeled. 
At harvesting time, labeled absent and dead plants caused from infestation were examined.  
The next yield parameters were estimated: 
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Yint  = mean yield of intact plant adjacent to intact plant. 
E     = mean yield of intact plant adjacent to absent or dead plant from infestation. 
Percentage of increase rate in compensatory yield in intact plant adjacent to absent (Cabs%) or dead (Cinf%) plant 
in white and yellow corn was calculated. 
Mean compensatory yield of plants adjacent to absent or dead plant (C) = (E –Yint)  
RESULTS AND DISCUSSION 
Estimation of yield losses due to stem borers in maize fields sawed in three different dates: 
The yield losses due to plant absence and infestation with two stem borers, S. creticae and O. nubilalis was 
assessed in twelve small holder maize fields in El-Behiera governorate at three sowing dates (early in “May”, 
recommended in “June” and late in “July”) using the analytical method.  
The obtained results in Table 1 and Fig. 1 showed that yield losses in early sowed maize due to infestation with 
S. cretica ranged from 5.29 – 32.17%. While, yield losses due to absent plants ranged between 4.2 – 17.23%. In 
case of maize that sowed in recommended date “June” the yield losses due to S. cretica was slightly decreased 
and it accompanied with O. nubilalis infestation in two fields, which increased the total yield losses. 
Table 1: percentages of grain yield losses of the maize fields in El-Behiera governorate at three sowing 
dates. 
Sowing date 
Corn Fields Field 1 Field2 Field3 Field4 
Plant 
status 
% 
Plant 
% 
Grain 
yield 
Loss 
% 
Plant 
% 
Grain 
yield 
Loss 
% 
Plant 
% 
Grain 
yield 
Loss 
  
%Plant 
% 
Grain 
yield 
Loss 
early date (May) 
Intact 73.04 0 88.33 0 65.38 0 60.95 0 
Absent 19.35 17.38 5.84 5.89 6.92 4.2 6.67 6.09 
Infested 
with S. 
cretica 
7.61 9.82 5.83 5.29 27.69 27.53 32.38 32.17 
recommended 
date (June) 
Intact 69.01 0 43.53 0 59.58 0 64.52 0 
Absent 2.82 4.41 24.8 24.8 4.17 4.17 4.53 4.52 
Infested 
with S. 
cretica 
28.17 27.94 31.67 31.2 6.25 2.33 18.87 2.09 
Infested 
with O. 
nubilalis 
- - - - 30 7.29 12.08 2.57 
late date 
(July) 
Intact 57.62 0 69.52 0 46.53 0 21.67 0 
Absent 5.71 5.72 2.86 2.86 21.24 21.24 5.0 5 
Infested 
with S. 
cretica 
10.48 4.05 8.57 4.12 12.4 12.39 13.33 13.33 
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Infested 
with O. 
nubilalis 
26.19 8.29 19.05 3.98 19.83 8.32 60 21.62 
% Plant= Percent of plants from total plants 
 
Figure 1: The percentages of grain yield losses caused by two pests in four maize fields in different 
sowing dates. 
The present results indicated that yield losses due to S. cretica was higher in field early sowed in May (ranged 
from 5.29 to 32.17%) than that recommended sowed in June (ranged from 2.09 to 31.2%) and late sowed in July 
(ranged from 4.05 to 13.33%).These results were confirmed by Abd El-Rahman, (2002) who indicated that 
infestation by S. cretica was slightly higher, on all tested genotypes, in early plantation of May than in late 
plantation of July. On the contrary, the yield losses due to O. nublalis increased in late sowed four fields (3.98 – 
21.62 %) than that in recommended sowed two fields (ranged from 2.57 to 7.29%). Obopile et al., (2012) 
suggested that when planting is delayed. the European corn borer population is known to cause economic 
damage in an area, selection of short-season can be beneficial in controlling damage and improving yield. 
Figure 1 concluded the effect of sowing date on the pest infestation and subsequently the percentages of yield 
losses caused by two stem borers in twelve small fields. It is clear that when the corn sowed early in May the 
plants were infested by S. creticae only, but the infestation was very heavy specially in fields 3 and 4. On the 
contrary, when the corn sowed late in July, the infestation level of S. creticae decreased, but generally the 
percentages of yield losses caused by two pests together increased. Planting within early time in May frame 
provide maize plants with full-season maximum growing degree days and reduced pest pressure associated 
with late planting. Planting date is critical in maize production because it influences the availability of growing 
degree days required to mature the maize crop, and the number of pests on the crop throughout the season. 
(Motshwari, 2009). Culy, 2000 reported that sowing long-season genotypes early was the best strategy to 
avoid more damages. Because yield reduction in shorter-season genotypes as compared with longer-season 
genotypes are more significant, especially when they are sown late. Delayed planting often subjects maize plants 
to heavier infestation of pests and diseases which can result in yield loss (Wiatraket al., 2004). 
The present results were confirmed by Mesbah, et al. (2002) who concluded that 
the lately sown biofertilized plant, showed somewhat higher levels of stem borers 
infestation than the early planted ones. Also, this agreed with Abed-Elgayed (1996) who found that O. nubilalis 
infestation started 4 to 7 weeks after planting according to sowing date.  
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Adjusting planting dates has been recommended as a cultural method to control European corn borer. Jarvis, 
et al. (1986) demonstrated that the yield of full season hybrids in both European corn borer infested and non-
infested plots were much greater than those of short season hybrids. The losses due to European corn borer 
were greater in short season hybrids when planted late. Also, recommended that growers should plant full 
season hybrids early. They recommended that if short season hybrids are planted late, European corn borer 
must be closely monitored. Benson (1995) reported that the potential yield of maize decline by 10-20% if 
planting is delayed until 20 May and 1 June, respectively. 
1- Regression between percent of corn borers infestation and yield losses: 
Appreciation of regression is adequate for predication of yield losses caused by pests. However, new 
observations and new data for many successive seasons are requested to validate the models in prediction. 
Linear regression of maize yield losses due to infestation with corn borers, S. cretica and O. nubilalis was 
evaluated using Hyams, (2014) V.2.0.4.  
Regression analysis showed a simple linear regression between percentage of infestation of S. cretica or O. 
nubilalis with percentage of yield losses, with R2 values 0.84 and 0.45, respectively Fig. 2. As corn ear yield (EY) 
negatively correlated with infestation with S. cretica or with O. nubilalis infestation percentage was used as 
predictor variable to build regression models for predicting the dependent variable (EY).  
Figure 2: Regression between percentages of yield losses and percent of infestation by S. cretica (A) and 
O. nubilalis (B).  
Regression analysis between % infestation of S. cretica and percentage of yield losses revealed that simple linear 
provided a good fit to the data (R² = 0.84). With model: Y= 3.281 + 0.994x 
Regression analysis between percentage of infestation of O. nubilalis and % yield losses revealed that simple 
linear provided a weak fit to the data (R²= 0.45). With model: Y= 0.18 + 0.0052 x. 
According to forecasting system suggested by Abraham and Ledolter (1983), the constructed models are used 
to obtain the forecasts. As these forecasts depend on the specific model, one has to make sure that the model 
and its parameters stay constant during the forecast period. Checking the forecasts against the new observations 
can assess the stability of the models. Forecast errors can be calculated, and possible changes in the model can 
be detected. 
Easwaramoorthy (1995), indicated that in India, a yield loss of 3.5% for every 5% increase in the level of borer 
incidence. Szokeet al (2002) also, found that losses caused by the European corn borer (O. nubilalis ranged 
from 250-1000 kg/ha depending on the degree of infestation. Sabra, et al. (2005) found that simulated O. 
nubilalis damage reduced grains yield with about 4.11- 35.14% according to the sort of damage.  
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In conclusion, although the investigated models are situated for predicting the corn yield at different levels of 
corn borers infestation, but their long run stability in prediction should be investigated through many successive 
seasons and areas with more diversity of corn varieties and weather conditions. 
2- Determination of compensatory yield arising in intact plants as a result of absence of some 
plants: 
Compensatory yield is defined as the increase in yield of non-infested plants resulting from better growth caused 
by the death or injury of neighboring plants that have been attacked by a specific pest. Also, this is defined as 
"power of recovery" (Judenko, 1973). The method of detection of compensatory yield is to compare the yields 
of intact plants next to those infested plants with the yields of intact plants surrounded by non-infested plants.  
Estimation of compensatory yield in intact plant adjacent to absent plant of two varieties of maize (white corn 
and yellow corn) presented in Table 2 and Fig. 3. In white corn, weight of grain yield was 151.14 and 185.6 
gm/plant for intact plant adjacent to intact plant and intact plant adjacent to absent plant, respectively, with 
compensatory yield 34.46 g/plant. While in yellow corn weight of grain yield were 108.6 and 132.4 gm/plant for 
intact plant adjacent to intact plant and intact plant adjacent to absent plant, respectively with compensatory 
yield 23.8 gm/plant. Percentage of increase rate in compensatory yield in intact plant adjacent to absent plant 
was 22.8% and 21.92 % in white and yellow corn, respectively. 
Table 2: Estimation of compensatory yield in intact plant adjacent to absent plant or dead infested 
plant with S. creitcain two maize varieties. 
Character 
Grain Yield/plant (gm) 
White corn Yellow corn 
intact plant adjacent to intact plant (Y) 151.14 ± 6.07 108.6 ± 10.04 
intact plant adjacent to absent plant (Eabs) 185.60 ± 47.15 132.4 ± 23.8 
Compensatory yield of absent plant (Cabs) 34.46 23.8 
% increase of compensatory yield (C %) 22.8 % 21.92 % 
intact plant adjacent to dead plant (Einf) 173.0 ± 38.18 138.0 ± 23.76 
Compensatory yield of dead plant (Cinf) 21.86 29.4 
% increase of compensatory yield (C %) 14.46 % 27.07 % 
 
Mean compensatory yield of adjacent plant to absent or dead plant (C) = (E –Yint) 
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Figure 3: The compensatory yield in intact plant adjacent to absent plant or dead infested plant with S. 
creitca in two varieties of maize. 
3- Determination of compensatory yield arising in intact plants as a result of dead plants with S. 
creitca infestation: 
Data in Table 2 and Fig. 3, also showed the compensatory yield in intact plant adjacent to dead plant due to 
infestation by S. creitca of two varieties of maize (white corn and yellow corn). In white corn, weight of grain 
yield was 151.14 and 173 gm/plant for intact plant adjacent to intact plant and intact plant adjacent to dead 
plant, respectively, with compensatory yield 21.86 gm/plant. While in yellow corn, the weight of grain yield was 
108.6 and 138.0 gm/plant, for intact plant adjacent to intact plant and intact plant adjacent to dead plant, 
respectively with compensatory yield 29.4 gm/plant. Percentage of increase rate in compensatory yield in intact 
plant adjacent to dead plant was 14.46 % and 27.07 % for white and yellow corn, respectively. The present results 
indicated that yellow corn was more tolerant of stem borers infestation than white corn because of its 
compensation ability and replacement the stems dead due to insect infestation. 
In this context, Judenko (1973) reported that determination of losses without correction for compensatory yield 
would be misleading. In his yield losses experiment in sweet corn, Z. mays L. The author concluded that although 
28% of the plants were destroyed by rats, Rattus norvegicus, the loss in value was only 8% owing to the 
compensatory yield of the unattacked plants adjacent to those destroyed. Harris (1962) found that well-grown 
guinea corn was very tolerant of high infestation by stem borers and because of its ability to tiller rapidly; it 
replaced the stems killed by the pest. Kawada (1950), according to Ishikura (1967) he found that rice yields 
from unattacked shoots of plants infested by stem borer were higher than those from unattacked shoots of 
unattacked plants.  
Even when the damage to a crop appears heavy to the naked eye, the real losses of yield may be small and not 
necessitate control measures. Kumar (1984) reported that field experiments relating yield to stem-borer attack 
in Nigeria (Harris, 1962) indicate that loss of stand in maize (Zea mays) plots does not always result in loss of 
yield, and actually under certain conditions, loss of stands is compensated by the production of heavier cobs. 
Brander (1968) observed similar phenomenon in his work on the effect of wheat bulb fly on the growth and 
yield of wheat. Experiments on guinea corn (Harris, 1962) showed that the yield per bored stem was higher 
than that per intact stem. Actually, it is now known that excellent yields of guinea corn can be obtained in the 
presence of high population of stem borers (Ingram, 1958). Beneficial effects of pests on crop yield are 
discusses by Bardner and Fletcher (1974). Harris (1974) suggested that increase of plant yield following insect 
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damage may result from the early removal of apical dominance of plants growing with little competition for 
nutrients and to hormone-like effects produced by some sucking insects. The author believes that the attainment 
of maximum crop yield may indeed sometimes require a certain density of “pest” insects.   
Conclusions: 
The maize verity and sowing date among the most important factors affecting the infestation level with stem 
borers, and subsequently affecting the percent of yield loses as well as the power of recovery for the maize verity 
that determined as the compensatory yield. In case of the early sowed maize in May, the yield losses due to S. 
cretica was higher than that recommended sowed in June and late sowed in July. Where, planting within early 
time in May provide maize plants with full-season maximum growing degree days and reduced pest pressure 
associated with late planting. The present results indicated that yellow corn was more tolerant to stem borers 
infestation than white corn, and it recorded the higher Percentage of increase rate in compensatory yield in 
intact plant adjacent to dead plant (27.07 %) than the return for the white corn (14.46 %).  
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